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In such cases the answer to the question can be found in the analysis of the blood. Now, the quantity of alcohol contained in the distillate of blood not being very large in these cases, the usual physical methods of deter mining alcohol such as pycnometer, vaporimeter, ebullioscope etc. can not be employed, and only the chemical method is left for us to use.
Many chemical methods have been hitherto devised for the purpose of determining small quantities of alcohol. According to their princi ples, these methods may be classed in four groups as described below. Group I. In this group, the amount of alcohol is calculated from the quantity of acetic acid formed by oxidizing alcohol. (a) Subbotin's method 1)
The acetic acid is titrated with NaOH. (b) Bechamp's method. 2) The amount of sodium acetate is determined. Group II. In this group, the amount of alcohol is calculated from the quantity of jod compound. (a) Sabbotin's method.1) Sabbotin measured the amount of iodoform formed in the Lieben's reaction. (b) Striatar's method3) In the method, the ethyl iodide formed by boiling alcohol with HJ is distilled and freed from HJ by means of red phos phorus and introduced into an alcoholic silver nitrate solution. The silver iodide thus produced is precipitated and weighed.
Group III. The amount of alcohol is calculated from the quantity of aldehyde formed by oxidizing the alcohol. Argenson's method 4) The aldehyde is introduced into a fuchsine solution decoloured by means of sulphurous acid, and the amount is colori metrically estimated with the aid of a standard solution made of potassium permanganate. Group IV. In this group, the reducing power of alcohol is determined by means of a standard solution of chromic acid. (a) Bodlander's method.5) In this method, the given alcohol solution is add ed to a standard solution of chromic acid (1 grm. CrO3 in 300 c.c. SO4H2) until the yellow colour of the standard solution turns to deep green. (b) Method of Benedict and Norris.6) (c) Cotte'smethod7) (d) Nicloux's method8) Of these methods of deteming small quantities of alcohol, those of the first, second, and the third groups are not generally employed for the practical use, because the majority of them are much too compli cated, and the result is not accurate enough to justify such complicated manipulations.
Three methods belonging to the fourth group have been generally employed for the purpose of determining small quantities of alcohol.
I have studied in the present work these three methods com paratively in order to determine which of them is best fitted for the purpose.
I. METHOD OF BENEDICT AND NORRIS.
This method depends on the oxidation of alcohol by an excess of chromic acid in a concentrated sulphuric acid solution and the deter mination of the excess of chromic acid by titration against ferrous ammonium sulphate solution, the end point being established by a stan dard solution of potassium permanganate . The reagents required for the determination are: (For the detailed precautions, reference to the original paper is recommended). I have prepared alcohol solutions of various strengths (volume percent) and tested the accuracy of this method.
The results are given in the following table:
-TABLE I. The superiority of this method lies in the sharpness of the end point. Only a single drop of the potassium permanganate solution is sufficient to cause a sudden colour change of the ferrous ammonium sulphate solution from blue to purple at the end point.
Such a sharpness of the end point as this can be met with in no other method.
But this method has many defects which cancel this superiority. First of all, the reagents, especially the chromic acid and the ferrous ammonium sulphate solution quickly change their strength with the lapse of time. The chromic acid solution seems to absorb readily the vapour of alcohol and water. Consequently, the value of each solu tion in terms of the other must be titrated almost daily, especially when the air of the laboratory contains alcohol vapour. Table II shows how quickly the ferrous ammonium sulphate and chromic acid solution change their equivalent. (The solutions were not stored unused but were continuously employed for the determination of alcohol.
TABLE II.
It is quite troublesome to determine the values of the solutions daily.
Another inconvenience of this method is that alcohol solutions weaker than 0.01% can not be determined by the aid of this method , because 0.5 c.c. of 0.01% alcohol solution corresponds to about 0.1 c .c. potassium permanganate solution. I have tried in vain to modify this method in such a way that this inconvenience might be removed.
The increase of the amount of alcohol solution, the dilution of the reagent solutions etc . could not produce any appreciable improvement. This method is too complicated and even after having acquired a good deal of practice, technical errors of a considerable amount can not be avoided.
For these reasons, this method can not be recommended for the determination of alcohol in very dilute solutions such as the distillate of physiological blood which generally contains less than 0.003% of alcohol.
II. METHOD OF COTTE.
In this method, the end point is established, not by a permanga nate solution but by a standard solution of ferrous ammonium sulphate with the aid of "Tupfelprobe."
The reagents required for the determination are: solution. This value is employed in the calculation of alcohol in the other solutions. For the determination of alcohol in a given solution, the bichromate equivalent of alcohol in a measured quantity of the solution is first determined by the same procedure as in the case of the determination of the value of bichromate solution in terms of 1% alcohol. The unknown percentage of the given alcohol solution can then be obtained by dividing it by the bichromate equivalent of 1% alcohol.
If the given alcohol solution contains a very small quantity of alcohol, as in the case of the distillate of physiological blood, M/40 solutions of bichromate as well as of ammoniumi sulphate are employed instead of the M/20 solutions.
The alcohol solutions of various strengths employed in the preced ing experiments were determined by this method.
The results are given in the following table. The stain test with potassium ferricyanide solution cannot establish the point with very great precision where potasium bichromate has been just completely reduced and a very small trace of ferrous ions has begun to appear in the liquid.
The colour of Turnbull's blue in the contract zone of two drops does not appear suddenly and clearly at a definite point of the reaction, but its appearance is rather gradual.
The intensity as well as the readiness of the appearance of the blue colour are augmented toward the end point by each addition of ferrous ammonium sulphate solution until a sudden and clear colour change in the contact zone of the drops takes place almost immediately.
The end point is, therefore, not very accurate and certain. More over it is not convenient to try the stain test at each addition of ferrous ammonium sulphate solution.
Notwithstanding these defects, however, the results obtained with Cotte's method are very accurate as shown in table III, if practice has been acquired. The simplicity of this method diminishes the technical errors which often occur in the case of Benedict-Norris method, and compensates for the defects above described.
The superiority of this method lies especially in its applicability to very dilute alcohol solutions. As will be noticed in the given table, alcohol can be determined even in a solution of 0.0005% with fair accuracy.
The only thing which must be borne in mind, when very dilute alcohol solutions are to be determined by the aid of this method, and of which I could not find any description in the literature of the subject as far as I have been able to refer to it, is the proportion between the volume of potassium bichromate solution and that of the alcohol solu tion to be determined.
A mere excess of the bichromate solution to oxidize the given quantity of alcohol is not sufficient, but a quantity of bichromate solu tion more than 1/4 of the volume of alcohol solution must be added. This is probably due to the fact that the power of bichromate solution oxidizing alcohol depends partly on the acidity or the concent ration of SO4H2, in the liquid.
This fact is illustrated in the next table. As will be seen in the table, the amount of ferrous ammonium sulphate solution which is to be added in order to reduce the potassium bichromate left unattacked by alcohol increases with the increase of the volume of the alcohol solution employed, even when the amount of alcohol and bichromate remains always the same, provided that the proportion between the volume of alcohol and bichromate solutions is greater than 4:1.
(N. B. The purity of the distilled water employed in the experi ment was, as a matter of course, examined previous to the experiment.)
III. METHOD OF NICLOUX.
This is the simplest of all the methods hitherto devised for the purpose of determining small quantities of alcohol.
In this method alcohol is titrated directly with a standard solution of potassium bichromate, utilizing the colour change which occurs at the point where the oxidation of alcohol by potassium bichromate has been completed and a small trace of bichromate has begun to appear in the liquid, for establishing the end point .
Only one reagent, that is a standard solution of potassium bichro mate which contains 19 grms. of pure bichromate crystal per litre , is all that is to be prepared for the determination .
For very dilute solutions, it is recommended to dilute the standard solution to 1/2 or 1/4.
The determination is carried out in the following way: -5 c.c. of the given alcohol solution is put in a colourless test tube and 0.1 c.c. of the standard solution (a quantity which is generally too small to oxidize the given quantity of alcohol completely) as well as 5 c .c. pure concentrated sulphuric acid . The mixture becomes very hot and a colour change due to the decoloration of bichromate takes place .F rom a graduated burette, the standard bichromate solution is then added drop b y A great deal of discussion has been hitherto taken place for and against the reliability of this method.
Landsberg10) raised the objection that the amount of bichromate solution which is to be added in order to effect the complete oxidation of alcohol varies with the quantity of sulphuric acid added, and further more that the colour change does not take place always at a definite Notwithstanding all these objections, this method can be, and has been hitherto employed practically with moderate convenience and with fairly accurate results for the determination of small quantities of alcohol.
As will be seen in the accompanying table, I have obtained far better results with this method than those obtained with Benedict's method. The simplicity of this method compensates for all the defects above described.
W. Schweisheimer writes in his communication on "Der Alko holgehalt des Blutes unter verschiedenen Bedingungen"11) , that "selbst bei Untersuchungen von destilliertem Wasser sind stets 1-2 Tropfen der Kaliumbichromatlosung II zur Erziehung einer leichten Gelbfar bung notig, so dass das Resultat 0 nicht erzielt werden kann."
But according to my own experience, even 1 drop of 1/4 standard bichromate solution can cause a distinct yellow colour, when distilled water is tested and it seems very probable that Schweisheimer employed in his experiment sulphuric acid which contained a trace of reducing substance.
Concentrated sulphuric acid very readily absorbs the vapour of alcohol, and consequently the sulphuric acid must be frequently tested for its purity, especially when the air of the laboratory is contaminated with alcohol vapour, as is often the case when the experiment deals with the determination of alcohol.
The colour of the liquid can be reliably examined by placing the container of the liquid on a clean white paper which is folded at right angles so that the folded part of the paper makes a white background for the liquid.
As denoted in Table V , alcohol in a solution even weaker than 0.001% can be determined approximately by the aid of this method .
IV. A MODIFICATION OF NICLOUX'S METHOD .
The main inconvenience of Nicloux 
